Neutral sphingomyelinase: past, present and future.
Sphingomyelin and its metabolic products are now known to have second messenger functions in a variety of cellular signaling pathways. At the epicenter of the sphingomyelin--cell signaling pathway is a family of phospholipases called sphingomyelinases. These enzymes cleave sphingomyelin to produce ceramide and phosphocholine. Ceramide in turn serves as a lipid second messenger that induces a variety of cell regulatory phenomenon such as programmed cell death (apoptosis), cell differentiation, cell proliferation, and sterol homeostasis. Neutral sphingomyelinase (N-SMase) is a Mg2+ sensitive enzyme that can be activated by a host of physiologically relevant and structurally diverse molecules like tumor necrosis factor-alpha (TNF-alpha), oxidized human low density lipoproteins (Ox-LDL), and several growth factors. Large amounts of ceramide accumulate in human fatty streaks and plaques along with Ox-LDL, growth factors, and proinflammatory cytokines in human atherosclerosis. A further role of ceramide and N-SMase in atherosclerosis was uncovered by the finding that Ox-LDL and TNF-alpha stimulated N-SMase activity. In turn, ceramide and/or a homolog serves as an important stress signaling molecule in signal transduction, which leads to apoptosis. Interestingly, an antibody against N-SMase can abrogate Ox-LDL and TNF-alpha induced apoptosis, and therefore may be useful for additional studies of apoptosis in experimental animals. Overexpression of recombinant human N-SMase in human aortic smooth muscle cells markedly stimulate apoptosis, presumably via the multioligomerization of the 'death domain'. Since plaque stability is an integral aspect of atherosclerosis management, activation of N-SMase and subsequent apoptosis may be vital events in the onset of plaque rupture, stroke and heart failure. In contrast to these observations in human hepatocytes, TNF-alpha mediated N-SMase activation did not induce apoptosis. Rather it stimulated the maturation of sterol regulatory element (SRE) binding protein (SREBP-1). Moreover, a cell permeable ceramide was found to reconstitute the phenomenon above in a sterol-independent fashion. These findings provide alternate avenues for therapy of patients with hypercholesterolemia and atherosclerosis. The findings reported here suggests that N-SMase plays important cell regulatory roles and provide an exciting opportunity to further these findings to understand the pathophysiology of human disease states.